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(57) ABSTRACT

An object of the present invention is to provide a suspension
for a sound transducer which has a central portion serving as
a center diaphragm and which has a cover layer and a copper
pattern partially removed to prevent a decrease in sound pres-
sure from being caused by an increase in weight of a vibration
system. According to the present invention, there is provided
a suspension for a sound transducer which includes a central
portion, a peripheral portion, and a support portion for con-
necting the central portion to the peripheral portion, the sus-
pension comprising: a base film, a conductive film attached
on the base film by means of an adhesive, and a cover layer
attached on the conductive film by an adhesive, wherein at
least part of the cover layer disposed on the central portion is
removed.

13 Claims, 6 Drawing Sheets
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1
SUSPENSION FOR A SOUND TRANSDUCER

TECHNICAL FIELD

The present invention relates to a suspension for a sound
transducer, and more particularly, to a suspension for a sound
transducer which is made of an FPCB to transfer electrical
signals to a voice coil and which has a central portion serving
as a center diaphragm.

BACKGROUND ART

Sound reproducing technologies of mobile multimedia
have been developed along with mobile communication tech-
nologies, which require high performance, high sound qual-
ity, and high output of a microspeaker.

In most cases, a conventional microspeaker does not
employ a suspension so as to achieve a light weight of a
diaphragm, and a lead wire of a voice coil is bonded to the
diaphragm so that external electrical signals can be applied to
the voice coil. Thus, a partial vibration often occurs due to the
absence of the suspension, and the lead wire of the coil is
often down due to a tensile force in high outputs, which makes
it difficult to use the microspeaker in high output applications.

In order to solve the foregoing problem, a microspeaker has
been suggested that uses a suspension made of an FPCB with
a conductive pattern for transferring electrical signals. FIG. 1
shows a general suspension made of an FPCB, wherein a
conductive film 20 made of copper or the like is disposed on
a base film 10 made of a PI having good thermal properties,
and a cover layer 30 is attached thereon to protect the con-
ductive film 20. In addition, the base film 10, the conductive
film 20 and the cover layer 30 are attached to one another by
means of adhesives 41, 42, 43 and 44.

With respect to the microspeaker using the suspension, an
increase in weight of'the vibration system, which results from
the application of the suspension, causes a decrease in sound
pressure of the microspeaker. Additionally, cracks may be
formed on the conductive film 20 in high outputs, which leads
to defects. In order to prevent a decrease in sound pressure, it
is possible to reduce the weight of the vibration system by
appropriately adjusting the shapes of the cover layer 30 and
the conductive film 20 of the suspension. However, as the
diaphragm gets thinner, a local vibration mode of the dia-
phragm occurs in high frequency regions, to which has a
detrimental effect on sound properties. Therefore, it is neces-
sary to appropriately adjust the shapes of the cover layer 30
and the conductive film 20 to prevent such a local vibration
mode.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a suspen-
sion for a sound transducer which has a central portion serv-
ing as a center diaphragm and which has a cover layer and a
copper pattern partially removed to prevent a decrease in
sound pressure from being caused by an increase in weight of
a vibration system.

Another object of the present invention is to provide a
suspension for a sound transducer which can achieve a light
weight by adjusting the shapes of a cover layer and a copper
pattern.

According to an aspect of the present invention for achiev-
ing the above objects, there is provided a suspension for a
sound transducer which includes a central portion, a periph-
eral portion, and a support portion for connecting the central
portion to the peripheral portion, the suspension comprising:
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a base film, a conductive film attached on the base film by
means of an adhesive, and a cover layer attached on the
conductive film by an adhesive, at least part of the cover layer
disposed on the central portion being removed.

In addition, at least part of the cover layer disposed on the
support portion is removed.

Moreover, the support portions are provided in four direc-
tions, respectively, which include a pair of long support por-
tions and a pair of short support portions, the cover layer
disposed on the long support portions is entirely removed,
and only parts of the cover layer disposed on the short support
portions that are adjacent to the central portion are removed.

Additionally, the conductive film disposed on the central
portion is entirely removed, except part of the periphery of the
central portion.

Furthermore, the conductive film and the cover layer are
attached to both faces of the base film, and only the cover
layer on the central portion that is attached to one face is
removed.

Still furthermore, the conductive film and the cover layer
are attached to both faces of the base film, and at least parts of
the respective cover layers on the central portion are removed.

Still furthermore, the conductive film and the cover layer
are attached to both faces of the base film, and the cover layers
on the central portion that are attached to both faces are
entirely removed.

Still furthermore, a center part of the cover layer disposed
on the central portion is removed, except its periphery.

Still furthermore, plural parts of the cover layer disposed
on the central portion are removed so that the removed parts
can be formed in a stripe shape, spaced apart from one
another.

Still furthermore, the cover layer disposed on the central
portion is removed so that the removed part can be formed in
a lattice shape.

Still furthermore, the cover layer disposed on the central
portion is removed so that the removed part can be formed in
a fishbone shape.

Still furthermore, the cover layer disposed on the central
portion is removed so that the removed part can include a
center-removed part and a ring-shaped part enclosing the
center-removed part with a gap.

Still furthermore, the metal film disposed on the central
portion is provided in such a shape that a split vibration does
not occur in high frequency regions by the removed part of the
cover layer.

The suspension for the sound transducer provided by the
present invention can improve a sound pressure by removing
part of the cover layer attached on the central portion to
achieve a light weight of the vibrating portion.

In addition, the suspension for the sound transducer pro-
vided by the present invention can prevent a fatigue fracture
of the metal film, which is caused by a difference in contrac-
tion and expansion ratio of the cover layer and the metal film,
by removing the cover layer on one face of the support por-
tion.

Moreover, the suspension for the sound transducer pro-
vided by the present invention can prevent a partial vibration
from occurring in low frequencies due to a decrease in a
supporting force of the suspension, by removing only parts of
the cover layer attached on the short support portions that are
adjacent to the central portion.

Additionally, the suspension for the sound transducer pro-
vided by the present invention can improve a sound pressure
by achieving a light weight of the vibrating portion, by mini-
mizing the area of the metal film attached on the central
portion.
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Furthermore, the suspension for the sound transducer pro-
vided by the present invention can prevent a split mode in high
frequency regions, by forming the metal film, which is
attached on the central portion, in a shape corresponding to
the shape of the removed part of the cover layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing a conventional suspen-
sion for a sound to transducer.

FIG. 2 is a view showing a lower pattern of a metal film
provided in a suspension according to a first embodiment of
the present invention.

FIG. 3 is a view showing a state where part of an upper
cover layer of the suspension according to the first embodi-
ment of the present invention is removed.

FIG. 4 is a schematic sectional view showing a state where
the upper cover layer on the central portion of the suspension
according to the first embodiment of the present invention is
removed.

FIG. 5 is a schematic sectional view showing a state where
both the upper and lower cover layers of the suspension
according to the first embodiment of the present invention are
removed.

FIG. 6 is a schematic sectional view showing a state where
both the upper and lower cover layers, in positions to which
upper and lower metal films are not attached, of the central
portion of the suspension according to the first embodiment
of the present invention are removed.

FIG. 7 is a view showing a state where part of an upper
cover layer of a suspension according to a second embodi-
ment of the present invention is removed.

FIG. 8 is a view showing a state where part of an upper
cover layer of a suspension according to a third embodiment
of the present invention is removed.

FIG. 9 is a view showing a state where part of an upper
cover layer of a suspension according to a fourth embodiment
of the present invention is removed.

FIG. 10 is a view showing a state where part of an upper
cover layer of a suspension according to a fifth embodiment
of the present invention is removed.

FIG. 11 is a view showing a state where part of an upper
cover layer of a suspension according to a sixth embodiment
of the present invention is removed.

FIG. 12 is a view showing a state where part of an upper
cover layer of a suspension according to a seventh embodi-
ment of the present invention is removed.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention will be described inmore
detail with reference to the drawings.

FIG. 2 is a view showing a lower pattern of a metal film
provided in a suspension according to a first embodiment of
the present invention. As in the conventional suspension
shown in FIG. 1, basically in the suspension according to the
first embodiment of the present invention, metal films 20 are
attached to upper and lower portions of a base film 10, and
cover layers 30 are attached thereon to protect the metal films
20. The base film 10 of the suspension includes a central
portion 120, a peripheral portion 110, and support portions
131, 132, 133 and 134 which connect the central portion 120
to the peripheral portion 110. An inner circumference of a
side diaphragm (not shown) and a voice coil (not shown) are
attached to the central portion 120, and an outer circumfer-
ence of the side diaphragm (not shown) is attached to the
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peripheral portion 110. The peripheral portion 110 is formed
in a ring shape with a gap from the central portion 120 and
seated on a frame (not shown). The support portions 131, 132,
133 and 134 allow the central portion 120 to vibrate only in
the vertical direction, when it vibrates due to the vibration of
the voice coil (not shown).

A pair of lower metal films 22, which are separated from
each other, are attached to the lower portion of the base film
10 (see FIG. 1), so that their (+) and (-) poles can be con-
nected to lead-in wires of the voice coil, respectively. The
lower metal films 22 are provided to be connected to the
peripheral portion 110, the support portion 130 and the cen-
tral portion 120, terminal lands 25 and 26 for connection to
terminals for transferring electrical signals from an external
device are formed at one side of the peripheral portion 110,
and voice coil lands 23 and 24 are provided to solder the
lead-in wires of the voice coil to the support portion 130 or the
central portion 120. A cover layer 32 for protecting the metal
film 22 is attached on the metal film 22, but is not provided on
the terminal lands 25 and 26 and the voice coil lands 23 and 24
for the purpose of soldering.

Meanwhile, the lower metal films 22 are disposed along the
periphery of the central portion 120, so that the lower metal
films 20 formed on the neighboring support portions 132 and
134; 131 and 133 can be connected to each other. That is to
say, the sound transducer generally formed in a rectangular
shape has a pair of long sides and a pair of short sides, as all
the components such as the diaphragm, suspension, magnetic
circuit, etc. are formed in a rectangular shape. Thus, the
support portions 131, 132, 133 and 134 also include long
support portions 131 and 132, which are disposed on the long
sides, and short support portions 133 and 134, which are
disposed on the short sides. In turn, the metal films 22, which
are formed on the neighboring long support portions 131 and
132 and short support portions 133 and 134, are connected to
each other. The lower metal film 22, which connects the lower
metal film 22 formed on the long support portion 131 and 132
to the lower metal film 22 formed on the short support portion
133 and 134, is disposed on both the peripheral portion 110
and the central portion 120. Here, the lower metal film 22,
which connects the lower metal film 22 formed on the long
support portion 131 and 132 disposed on the central portion to
the lower metal film 22 formed on the short support portion
133 and 134 is preferably disposed on the long side of the
central portion 120. The lower metal film 22 is disposed along
the periphery of the long side of the central portion 120,
thereby preventing a split vibration of the central portion 120
that may occur when the cover layer attached on the central
portion 120 is removed, as discussed later.

FIG. 3 is a view showing a state where part of an upper
cover layer of the suspension according to the first embodi-
ment of the present invention is removed. In the suspension
100 according to the first embodiment of the present inven-
tion, an upper metal film 21 is disposed along the peripheral
portion 110 on the base film 10 (see FIG. 5). In addition, an
upper cover layer 31 (see FIG. 5) is attached on the upper
metal film 21 to protect the upper metal film 21. Here, since
the upper metal film 21 is provided only on the peripheral
portion 110 of the suspension 100, the upper cover layer 31
(see FIG. 5) attached on the central portion 120 or the support
portion 130 can be removed to reduce a weight. As described
above, the central portion 120 or the support portion 130 is a
vibrating portion, which vibrates when the voice coil (not
shown) attached to the central portion 120 vibrates, in par-
ticular, the central portion 120 serves as a center diaphragm,
and therefore reducing the weight of the vibrating portion is
advantageous to improve a sound pressure.
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The removed part of the upper cover layer 31 (see FIG. 5)
is indicated by the shaded section in FIG. 3. There are a
central portion-removed part 120a formed by removing the
upper cover layer 31 (see FIG. 5) from the center of the central
portion 120, and a central portion-remaining part 1205 where
the upper cover layer 31 (see FIG. 5) still remains. Moreover,
with respect to the upper cover layer 31 (see FIG. 5) disposed
on the support portion 130, the upper cover layer attached on
the long support portions 131 and 132 is entirely removed,
parts of the upper cover layer attached on the short support
portions 133 and 134 that are adjacent to the central portion
120 become removed parts 133a and 1344, and the other parts
1334 and 1345 that are adjacent to the peripheral portion 110
become remaining parts 1335 and 1345.

FIG. 4 is a schematic sectional view showing a state where
both the upper cover layer on the central portion of the sus-
pension according to the first embodiment of the present
invention is removed, FIG. 5 is a schematic sectional view
showing a state where both the upper and lower cover layers
of the suspension according to the first embodiment of the
present invention are removed, and FIG. 6 is a schematic
sectional view showing a state where both the upper and
lower cover layers, in positions to which upper and lower
metal films are not attached, of the central portion of the
suspension according to the first embodiment of the present
invention are removed. The upper metal film 21 and the lower
metal film 22 are attached to upper and lower portions of the
base film 10 by adhesives 41 and 42, the upper cover layer 31
is attached on the upper metal film 21 by an adhesive 43, and
the lower cover layer 32 is attached on the lower metal film 22
by an adhesive 44. Here, since the upper metal film 21 is
provided only on the peripheral portion 110 of the suspension
100, the lower cover layer 32 attached on the central portion
120 can be removed to reduce a weight. The central portion
120 or the support portion 130 is a vibrating portion, which
vibrates when the voice coil (not shown) attached to the
central portion 120 vibrates, and therefore reducing the
weight of the vibrating portion is advantageous to improve a
sound pressure. Since the lower metal film 22 attached on the
central portion 120 is provided only on the periphery of the
long sides of the central portion 120, the lower cover layer 32
attached on the central portion 120 is preferably removed to
reduce the weight of to the vibrating portion, except the lower
metal film 22-attached part.

The central portion-removed part 120a (see FIG. 3) formed
by removing the upper cover layer 31 from the center of the
central portion 120 has a sectional shape shown on the right
side of FIG. 5, where the upper and lower conductive films 21
and 22 and the upper and lower cover layers 31 and 32 are
entirely removed from the upper and lower portions of the
base film 10. On the contrary, the peripheral portion 110 has
a sectional shape shown on the left side of FIG. 5, where the
upper and lower conductive films 21 and 22 and the upper and
lower cover layers 31 and 32 entirely remain on the upper and
lower portions of the base film 10 in an attached manner.

Further, the removed parts 131,132, 133a and 134a formed
by removing the upper cover layer 31 from the support por-
tion 130 have a sectional shape shown on the right side of F1G.
4, where the lower metal film 22 and the lower cover layer 32
remain on the base film 10, and the upper metal film 21 and
the upper cover layer 31 are removed. Furthermore, the
remaining parts 1335 and 1345, where the upper cover layer
31 still remains on the support portion 130, have a sectional
shape shown on the left side of FIG. 4, where the lower metal
film 22, the lower cover layer 32 and the upper cover layer 31
are attached on the base film 10.

10

15

20

25

30

40

45

50

55

60

65

6

Additionally, the remaining part 1205 (see FIG. 3), where
the upper cover layer 31 remains on the central portion 120,
has a sectional shape shown on the right side of FIG. 6, where
the upper and lower cover layers 31 and 32 are attached to the
upper and lower portions of the base film 10. However, the
periphery of the central portion 120, where the lower metal
film 22 is formed, has a sectional shape shown on the left side
of FIG. 4, where the lower metal film 22, the lower cover layer
32 and the upper cover layer 31 are attached on the base film
10.

FIG. 7 is a view showing a state where part of an upper
cover layer of a suspension according to a second embodi-
ment of the present invention is removed. The suspension 200
according to the second embodiment of the present invention
includes a central portion-removed part 220a and a central
portion-remaining part 2205 as in the first embodiment, but
the central portion-removed part 220a is larger than that of the
first embodiment. The lower conductive film 22 (see FIG. 2)
may be provided identical to that of the first embodiment
shown in FIG. 2, or the lower conductive film 22 may not be
provided on the central portion 120 (see FIG. 2) but on the
peripheral portion 110 (see FIG. 2) and the support portion
130 (see FIG. 2). In addition, the cover layer of the support
portion 130 may be removed as in the first embodiment or
may remain as it is.

FIG. 8 is a view showing a state where part of an upper
cover layer of a suspension according to a third embodiment
of the present invention is removed. The suspension 300
according to the third embodiment of the present invention
includes a central portion-removed part 320a and a central
portion-remaining part 3205 as in the first embodiment, but
the central portion-removed part 320q is different in shape
from that of the first embodiment. A plurality of central por-
tion-removed parts 320a are provided on the short side of the
suspension 300 in the form of parallel stripes, spaced apart
from one another. The lower conductive film 22 (see FIG. 2)
may be provided identical to that of the first embodiment
shown in FIG. 2, or the lower conductive film 22 may not be
provided on the central portion 120 (see FIG. 2) but on the
peripheral portion 110 (see FIG. 2) and the support portion
130 (see FIG. 2). In addition, the cover layer of the support
portion 130 may be removed as in the first embodiment or
may remain as it is.

FIG. 9 is a view showing a state where part of an upper
cover layer of a suspension according to a fourth embodiment
of the present invention is removed. The suspension 400
according to the fourth embodiment of the present invention
includes a central portion-removed part 420a and a central
portion-remaining part 4205 as in the first embodiment, but
the central portion-removed part 420q is different in shape
from that of the first embodiment. A plurality of central por-
tion-removed parts 420a are provided on the long side of the
suspension 400 in the form of parallel stripes, spaced apart
from one another. The lower conductive film 22 (see FIG. 2)
may be provided on the periphery of the central portion 120
(see FIG. 2) as in the first embodiment shown in FI1G. 2, or the
lower conductive film 22 may not be provided on the central
portion 120 (see FIG. 2) but on the peripheral portion 110 (see
FIG. 2) and the support portion 130 (see FIG. 2). In addition,
the cover layer of the support portion 130 may be removed as
in the first embodiment or may remain as it is.

FIG. 10 is a view showing a state where part of an upper
cover layer of a suspension according to a fifth embodiment
of the present invention is removed. The suspension 500
according to the fifth embodiment of the present invention
includes a central portion-removed part 520a and a central
portion-remaining part 5205 as in the first embodiment, but
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the central portion-removed part 520q is different in shape
from that of the first embodiment. The removed shape of the
central portion-removed part 520q is a lattice shape. The
lower conductive film 22 (see FIG. 2) may be provided on the
periphery of the central portion 120 (see FIG. 2) as in the first
embodiment shown in FIG. 2, or the lower conductive film 22
may not be provided on the central portion 120 (see FIG. 2)
but on the peripheral portion 110 (see FIG. 2) and the support
portion 130 (see FIG. 2). In addition, the cover layer of the
support portion 130 may be removed as in the first embodi-
ment or may remain as it is.

FIG. 11 is a view showing a state where part of an upper
cover layer of a suspension according to a sixth embodiment
of the present invention is removed. The suspension 600
according to the sixth embodiment of the present invention
includes a central portion-removed part 620a and a central
portion-remaining part 6205 as in the first embodiment, but
the central portion-removed part 620q is different in shape
from that of the first embodiment. The central portion-re-
moved part 620qa is formed in a fishbone shape. That is, a
plurality of central portion-removed parts 620a are provided
such that linearly-removed parts parallel to the long side of
the suspension 600 can cross the removed parts parallel to the
short side of the suspension 600. The lower conductive film
22 (see FIG. 2) may be provided on the periphery of the
central portion 120 (see FIG. 2) as in the first embodiment
shown in FIG. 2, or the lower conductive film 22 may not be
provided on the central portion 120 (see FIG. 2) but on the
peripheral portion 110 (see FIG. 2) and the support portion
130 (see FIG. 2). In addition, the cover layer of the support
portion 130 may be removed as in the first embodiment or
may remain as it is.

FIG. 12 is a view showing a state where part of an upper
cover layer of a suspension according to a seventh embodi-
ment of the present invention is removed. The suspension 700
according to the seventh embodiment of the present invention
includes a central portion-removed part and a central portion-
remaining part as in the first embodiment, but the central
portion-removed part is different in shape from that of the first
embodiment. The central portion-removed part includes an
inner removed part 720a, and an outer removed part 7204’
which is formed in a ring shape to enclose the inner removed
part 720a with a gap. The remaining part also includes an
inner remaining part 7205' disposed between the inner
removed part 720a and the outer removed part 7204' and an
outer remaining part 7205 disposed outside the outer removed
part 7204'. The lower conductive film 22 (see FIG. 2) may be
provided on the periphery of the central portion 120 (see FIG.
2) as in the first embodiment shown in FIG. 2, or the lower
conductive film 22 may not be provided on the central portion
120 (see FIG. 2) but on the peripheral portion 110 (see FIG. 2)
and the support portion 130 (see FIG. 2). In addition, the
cover layer of the support portion 130 may be removed as in
the first embodiment or may remain as it is.

What is claimed is:

1. A suspension for a sound transducer that includes a
central portion serving as a center diaphragm, a peripheral
portion, and support portions for connecting the central por-
tion to the peripheral portion, the suspension comprising: a
base film, a conductive film attached on the base film by
means of an adhesive, and a cover layer attached on the
conductive film by an adhesive,
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wherein at least part of the cover layer disposed on the

central portion is removed,

wherein the conductive film disposed on the central portion

is provided in such a shape that a split vibration does not
occur in high frequency regions by the removed part of
the cover layer.

2. The suspension for the sound transducer as claimed in
claim 1, wherein at least part of the cover layer disposed on
the support portions is removed.

3. The suspension for the sound transducer as claimed in
claim 2, wherein the support portions are provided in four
directions, respectively, which include a pair of long support
portions and a pair of short support portions, the cover layer
disposed on the long support portions is entirely removed,
and only parts of the cover layer disposed on the short support
portions that are adjacent to the central portion are removed.

4. The suspension for the sound transducer as claimed in
claim 1, wherein the conductive film disposed on the central
portion is entirely removed, except part of the periphery of the
central portion.

5. The suspension for the sound transducer as claimed in
claim 1, wherein the conductive film and the cover layer are
attached to both faces of the base film, and only the cover
layer on the central portion that is attached to one face is
removed.

6. The suspension for the sound transducer as claimed in
claim 1, wherein the conductive film and the cover layer are
attached to both faces of the base film, and at least parts of the
respective cover layers on the central portion are removed.

7. The suspension for the sound transducer as claimed in
claim 1, wherein the conductive film and the cover layer are
attached to both faces of the base film, and at least part of the
cover layer on the central portion that is attached to one face
is removed.

8. The suspension for the sound transducer as claimed in
claim 1, wherein a center part of the cover layer disposed on
the central portion is removed, except its periphery.

9. The suspension for the sound transducer as claimed in
claim 1, wherein plural parts of the cover layer disposed on
the central portion are removed so that the removed parts can
be formed in a stripe shape, spaced apart from one another.

10. The suspension for the sound transducer as claimed in
claim 1, wherein the cover layer disposed on the central
portion is removed so that the removed part can be formed in
a lattice shape.

11. The suspension for the sound transducer as claimed in
claim 1, wherein the cover layer disposed on the central
portion is removed so that the removed part can be formed in
a fishbone shape.

12. The suspension for the sound transducer as claimed in
claim 1, wherein the cover layer disposed on the central
portion is removed so that the removed part can include an
inner removed part and an outer removed part which is
formed in a ring shape to enclose the inner removed part with
a gap.

13. A suspension for a sound transducer that includes a
central portion serving as a center diaphragm, a peripheral
portion, and support portions for connecting the central por-
tion to the peripheral portion, the suspension comprising: a
base film, a conductive film attached on the base film by
means of an adhesive, and a cover layer attached on the
conductive film by an adhesive,

wherein at least part of the cover layer disposed on the

central portion is removed,

wherein the support portions are provided in four direc-

tions, respectively, which include a pair of long support
portions and a pair of short support portions,
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wherein the cover layer disposed on the long support por-
tions is entirely removed, and

wherein only parts of the cover layer disposed on the short
support portions that are adjacent to the central portion
are removed. 5

10



